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ABSTRACT
Research in nitrogen tN) mineralization from organic residues is

important to understand N cycling in soils. Here we revmcw research
on factors cotitrollmug net N mineralization as well as research on labora
tory and field modeling efforts, with the objective of highlighting areas
with opportunities for additional research .Amon the factors con—
trolling net N mineralization are organic coinposinon of the residue,
soil temperature and water content, drying and rewetting events, and
soil characteristics. Because C to N ratio of the residue cannot explain
all the variability obsered in N mineralization among residues, consid
erable effort has been dedicated to the identification of specific corn
pmmnds that play critical roles in N mineralization. Spec troscopic tech
niques arc promising tools to further identify these compounds. Many
studies have evaluated the effect of temperature and soil water content
on N nmrnerali,.ation, hut most have concentrated on mineralization
from soil organic matter, not front organic residues. Additional work
should be conducted with different orank residues, paying particular
attention to the interaction between soil temperature and water con
tent, One- and two-pool exponential models have been used to model
N mineralization under laboratory conditions, hot some drawbacks
make It difficult to identif definite pools of niineralizable N. Fixing
rate constants has been used as a way to ehinsinate some of these draw
backs when modeling N mineralization from soil organic matter, and
may be useful for modeling N niineralizatiun from organic residues.
Additional work with more complex simulation models is needed to
simulate both gross N mineralization and immobilization to better
estimate net N mineralized from organic residues.

NITROGEN MINERALIZATiON and immobilization are
important processes in the N cycle. Nitrogen min

eralization is the conversion of organic N into ammo
nium N, whereas N immobilization is the conversion of
inorganic N into organic N (Alexander, 1977). Both pro
cesses occur simultaneously in soil, with the relative
magnitudes determining whether the overall effect is
et N utnet thz itom or ire N immobiiw moo

Understanding the role of these processes when or
ganic residues are applied to land is Important to under
stand N cycling tn soils and to develop models that es
timate the amount of inorganIc N that may become
vailai.dei, u crops (tdueniada and Cabrera, .199/a).. Such

capability is necessary to achie.ve long-terni sustainabiP
m n th if r mc iecdii a

UdSiSOSCll on t(1tO7S controlling net N mineralization as
well as rese.arch on laboratory and modeling efforts,
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FACTORS CONTROI,LIN(; NET
NITROGEN MINERALIZATiON

Amone the factors controlling net N mineralization
are organic composition of the residue (Whitmore, 1996),
soil temperature and water content (Kbtterer et at.,
I 111’o bun md ia’a Itmn., oa,nt-. (Krusc ot Th,t14
md soil chat icteriMia’ (Sehjonmng et il 1999 (zordillo
and Cabrera. I 997(a).

Composition of Organic Resithws
Organic residues added to the soil surface or incorpo

rated into the soil undergo decomposition by the micro
bial biornass present in sotl and/or residues. Part of the
carbon in the decomposing residues is evolved as CO5
and part is ass irnilated by the microbial biomass in
volved in the decomposition process (Alexander, 1977:
Gilmour et aL, 2003). For the assimilation of C to occur,Na.ls.o has to be assimilated in atm amount determined by’
the (I to N ratio of the microbial biomass, If the arnonnt
of N present in the decomposing organic residue is larger
than that required by the microbial biomass. there will
be net N mineralization with release of inorganic N. If
the amount of N in the residue is equal to the amount
required there will be no net N mineralization. if, on
the other hand, the amount of N present in the residue
is smaller than that required by the microbial biomass,
additional inorganic N will need to be immobilized from
the soil to complete the decomposition process (Cor
heels et al.. 1999).

The above discussion suggests that the amounts of C
and N in residues and in decomposing microbial biomass
are mportant factors controlling the occurrence of net N
mineralization or net N immobilization, Research sum
marize.d ha Whitmore. (1996) clearly’ shows that the C to
N ratio of residues is related to the amount of N released
and that the break-even point between net N mineraliza
tion and N immobilization can he found between C to
N ratios of 20 and 40. Similar results were reported by
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even point has been found to he near 15 (Gilmour,
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Cr the break-n vets. pe .int is probably re.lated to variation
C C o N jtn 9/ the c gapon in m 9/

s well a:s the-existence oat Organic eor.flponc.].itS Will/
different susceptibility ti.. de.composition.. Organic resi
dues with similar C to N rattos mar mineraltze. different
amounts of N because et’. differences in consposition that
are not reflected by the. C to N r tin. ‘Rec.auo.’e (I to l./ rat’io
by itself cannot explain all dtffc.rcnces in N mineralization,
much effort has been spent on characterizing the different
compounds or areups of compottilds present in organic
residues, Sonie studies have identiiicd groups such as gob’
phenols, protd’ins’, soluble carbohydrates, and hemicellu



lose-like. cellulose-like, and liguin-iike compounds. and
have related them to residue decomposition (Thurdset at., 2002) and N mjneralization Palm and Sanchez.
1991: \deil and Kissel, 1991 : Lerch et aL. 1992; Cnnsran—
tmid, and I own’ I 944 Sene n atnc 2000 Rowr 9
ct at.. 2001). Other studies have characterized ornamcresidues using different spectroscopic echniques. For
ezample. Rowell et at. (2001 1 related N mmcrahzation
from four hiosolids, wheat straw, paper fines, and needlelitter to the initial chemistry, which was characterized by
C nuclear magne tic resonance (NMR) spcctroscopv.They found that net N mineralized was more stronglyrelated to aikyOC content (r 0.86) than C to N ratio

— I 5 Similar Is I) iroku t ii (21)01) Oio ed
that characterization of poultry titter by near infraredreflectance spectroscopy may he useful to estimate 00-tentially mineraliza.hie N C’ 0.90). A few studies havefound good relationships between potentially mineralizable N and a water soluhle fraction in the organic resOdue. For example, Qafoku Ct at. (2001) reported thatpotentially mineralizable N was strongly correlated withwater-soluble organic N (r 0.93) and poorly correlatedwith C to N ratio C’ -0.26). Similarly, Dc Neve andHofman (1996). working with vegetable crop residues.reported that mineralizable N was better correlated with

the watersoluhle fraction in the residues (r =- (186) thanwith C to N ratio (r —O.76). Finally, a few studieshave identified specific compounds that are stronglyrelated to N mineralization. F’or example, in a studywith 15 poultry litter samples. Gordillo and Cabrera(1997a) found that mineralizable N was strongly correlated with uric acid content (r (1.90). It is clear fromthese results that while C to N ratio is an importantvariable, other composition variables also play irnporrant roles in the N mineralization process. Research inthis area should continue to identify specific N corrupounds or eroups of N compounds that affect N mineralization in different types of organic residues. Spectroscopic techniques seem to offer gcod research tools forthat purpose
Other unique properties of some organic res.idues,

such as pH., sa.lin.ity, and heavy metal concentra.tion, may
os te’ rn mobi ii IC IS IL no N mu erall, io ar 1 oesample, the addition or heavy metals to sewage sI udtN
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ca.ses has detrC ..ased N mineral izatiori (Dar ane.l Mishra1094), Additional research is ace u‘C.8 to understand the
mechanisms involved..

Soil Temperature and Water Content
Many studies have evaluated the effect of soil temper

ature and water content on N mineralization (Stanford
md F pstin 194 I Pc ii md F tt ins Yi2 Ooo Os
and Carlele, (994: Sierra, 1997), but moat las e concen
totted on minerallisation of N from soil orceanic maSter,
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the ctfuist it \istcr content Lit n)trntni tisnil(riItili’e tStan

hod and Epstein, 1974; Myers et at., 1982), implicitlyasuming no interaction between these varahies.j:inystudies have shown, however, that t.here is an importantinteraction ietweC’n temperature and water contentssith me ird to N mine raIn mtmon (Goncalv c md C’ irl I1)01 Si rr i 1093 Knu...pp an I Sv ink 2902) Quemad mand Cabrera (1 997h) found ii stronta interaction betweentemperature and waler content in the mineralizationof N from surface-applied crimson clover C
incarnarum L..) residue s. They also found that the e.ffectsof temperature and water content on N mineralization(corn soil organic matter were different from the effectsof temperature, and water content on N mineralizationfor surface-applied residues. Additional work is neededwith other organic residues to further understand theinteraction between temperature and water cia tent Inincorporated and surface-applied residues,

Drying and Rewetting Events
Large changes in soil water content caused by dryingand rewetting events constitute another environmentalfactor that may have an important effect on N mineralization. Drying and rewetting effects on N mineralization from soil organic matter have been extensivelystudied (Birch, 195$; Agarwal et al., 1971; Cabrera, 1993;van Gestel et id., 1996; Appel, 1997). but limited dataare available on the et’fect that drying and rewettingmay have on N mineralization from organic residues(Clein and Schimel, 1993; Pulleman and Tietema, 1999;Magid et al,.1999; Kruse et at.. 2004). In a recent study.Kruse et al. (2004) found that cotton (Gossypium hirsuturn L.) leaves decomposing in continuously moist soilsfor 185 d led t mineralization of 30% of the appliedN. sshereas cotton leaves decomposme n soil subjectedto a 1.4-d drying-oewettin.g cycle for .193 d led to minimalnet N mineralization or net N irn.mol.miiizatiorm, The authors hypothesized that this effect resulted from theeffect of drying and rewetting on macrofauna populations that p-my on bacteria I populations. C1e.in, and Schimel (1993.) re.poi.’ted mew’er de.conmposition in dried andeos Ld h cc ttr em C 1 5 Ic rThe.y hcpot.h.esized that this reduction was caused bythe droug.ht sensitvit.v of a ke mierotmial oulation in‘Oc Inter m itlarly blagid et rn (1999) ‘ound this drsuwa.nd rewettIn.g decreased the decr.in’pe.msit.iori a).’ addedet mmml ryerass (I 1FUIC penman ‘ sbot rn V CId!Drvine and rewetting n• Os are lake.iy to have, a’ moremat-ked effect on surfi.ice t.h.an on. ine.orporatec.l resid,..iesam.e nni...ibab.].v respons.ibie .ton the slower decom.po.siC “p (N V I I II

“ I 0 1dues (Schoi.sibere et at., 1.934’). Additional work with di)ferent organic residues is needed to further understandthe mechanisms involved in drying and rewettinp events
in both aurfaec a n.i nenr porated residues. This workshould include evaluation of tIme microbial pnl-iLiln tionand rnicro.Li.’,.t na i..ncolC’ed ii the deccan1,aa.si.t,ion process.

Soil Characteristics
Semis !a9’raturv Ct’udies an N nnncrahzation from oi’:mflIe l’esm(ll.le’, l’mam’eslnawmm dm0 once’s mm the
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Other toil characteristics. aich as heat a metal con
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reascd from orab ird grass (DauNt /nna rare L residue
in sod Orated with 09 mmol ( u kg th in in control
soil Simil tiN Ek nk i mdl 0 1 ibm 000 found th it

of metals such as A. fIti, and Cu nhihiied
the activity of ii-stlucosaminidasc, an enzyme involved
in N mini-ralization Jn soils. Olsen et at. (1 996) reported
that an increase in the salinity of irriarinn water de
creast d ihr flux at ( () trom microcosm, treated with
plant rrsidues CIa irly additional reseanh should be
conducted in this area to further elucidate the effect of
soil characteristics on net N mineralization from organic
residues \s in thea er of drinit and rewriting exents
future research should include esaluatiun of the micro-
hrd and microfauna populations involved.

MOi)ELJNG NF[ROGEN MINERAlIZATION

Laboriitory Conditions

Laboratory studies of N mineralization have been typi
rally peri.drmed under ten.,pera t.n re an.d water content
a enditi on a that are on: ma.l. or ca. a :;c. to opt i in al for the
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pools and rate constants - ii the- exnonei-itial tarodels are
inversely related, which suggests that the same fit tar
available data could he ohta.inei-- by increasing one pa
rameter while decreasing the other (Faustian and blonde,
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increase in decicaisc the pus Is sshil dccreasine or in

creasing the t ate aonsIant. respectis el\ (Cahners aid
Kissel, 1988:1: \Vang et aN 2003). These problems with
exponential n dels suggest that they could not he used
to identi.fy pools of defi.ned, fixed sizes (Sierra 1990:
Don at al, 1996: Dende,oven. et ai, 1907), To solve this
problem, some rcsearcl-icrs have r posed tixin’ the
ratc- constants a bile aikisvni: the pools vary to lit the
slain (Wang c t aL, 2003). lhs approach has he-m user! to
N pitt noR, i u r I ON N na m ra
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may he useful to identify pools of mineralizable N in
organic residues. Preiimi.nary work in this area looks
promising. For example, in a study in wh.ich 15 poultry
litter samples were incubated with soil to measure net
N mineralized the rate constant of mineralization of
the slow pool dd not vary sis’nificnntlv among noultrv
litter samples, with an average value of 0036 d -- ( (br
dub aid Cabrera, 1997at. Thus, it may be possible to
use a fixed rate constant for the slow pooi. In the same
study, the rate constant for the fast pool varied among
poultry litter samples, hut because the large value of the
constant (L2 d’) indicated that >97% of the fast pool
mineralized within the first 3 d, it would seem that, for
all practical purposes, an accurate determination of the
rate constant would not he as linpoitant as an accurate
determination rt the size of the- fast pool In that study-,
the fast poo1 was strongly related to the uiic acid content
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be possible to estimate the size of the slow pr-n 1 of
mineralizable N (N) by fitting the foliowir..g model to
minera.lization data:
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